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(54) Improvements in or relating to the electrical stimulation of muscle 

(57) A muscle stimulation system which stimulates muscles with electrical pulses supplied to electrodes 
(2a) applied to the skin overlying th^ muscle comprises a system controller (1) and one or more personallv 
portable stimulator units (2), each provided with electrodes (2a). The system controller (1) stores data 
relating to the characteristics of pulses to be applied to the muscle e.g. Trophic or functional or a 
combination thereof, and is adapted to down-load this data to a personal stimulator unit (2) either by an 
mfra-red link or by programming a programmable memory module (2b) which is then connected into the 
stimulator unit (2), The electrodes (2a) are applied to the skin of the patient and supplied with the pulses 
programmed into the stimulator unit, the stimulator unit being carried by the patient. The system controller 
(1) may be adapted to be controlled by a personal computer and may also be provided with its own 
muscle stimulator. 



The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 



Improvements in, or relating to, the electrical stimulation of muscle 

5 The present Invention relates to muscle stimulators and to the communication of stimulation data 5 
between a muscle stimulator and another device. 

Muscle stimulators are known which provide for the electrical stimulation of muscles by 
application of pulses to an electrode arrangement applied to the skin overlying the muscle. In the 
pnor art, a certain amount of adjustment of the characteristics of the pulse train has been 

10 possible by the operator. The present invention is, in part, concerned with providing an arrange- 10 
ment whereby the characteristics of a pulse series may be adjusted. 

The present invention encompasses several different concepts which may be used either sinqly 
or in any desired combination with one another. 
According to the present invention there is provided a muscle stimulator system comprising a) 

15 at least one muscle stimulator apparatus, for the electrical stimulation of muscles by the applica- 15 
tion of electrical pulses to an electrode arrangement applied to the skin overlying the muscle b) 
a system controller having means defining stimulating characteristics of electrical signals and ' 
means for transferring from the system controller to the or each stimulator apparatus data 
defining the characteristics of the electrical pulses, the stimulator apparatus being adapted to be 

20 operable remote from the system controller. The stimulator and remote device are preferably so 20 
adapted that data can be transferred between them without a direct electrical connection be- 
tween them such as, for example, by means of an optical data link, an ultrasonic link, a radio 
link, etc. Data may instead or as well be transferred between them via a communication 
network, for example via a telephone networic using modems or acoustic couplers. 

25 One of the reasons why it is desirable to provide for a transfer of data to enable the 25 
stimulation pulse characteristics to be changed is that although in the past the stimulation 
applied to the muscles has been essentially functional stimulation, i.e. simply causing a predeter- 
mined contract/relax cycle of the muscles, recently a new technique, known as "trophic" 
stimulation has been developed which, by suitable choice of the characteristics of the stimulation 

30 pulse senes, can bnng about a long term functional and/or structural change in the fibres of the 30 
muscle being stimulated. This is currently being developed with a view to providing therapeutic 
treatments for muscular disorders and dysfunctions and the particular trophic stimulation required 
for a particular muscle will vary. It is contemplated that the remote device will have access to a 
database of trophic code pulse series characteristics from which the appropriate data can be 

35 down loaded to the stimulator for application to the muscle in question. It is also contemplated 35 
that certain treatment regimes will require a combination of function and trophic stimulation with 
periods of trophic stimulation being interspersed with periods of functional stimulation. The data 
down loaded may thus comprise both functional and trophic stimulation data as well as data 
relating to how the two various patterns of stimulation are to be applied in sequence. 

40 The stimulator apparatus may preferably be of a shape and size such as to be personally 40 
portable, preferably carried about the person e.g. pocketable. Thus one embodiment of this 
aspect of the present invention contemplates the provision of a stimulator of approximately the 
sanne size and possibly shape as the personal cassette players which have recently come on to 
the market and, as with such players, the stimulator may be housed in a casing which is 

45 adapted, for example by the provision of a clip, belt loop, carrying strap or other attachment 45 
means to facilitate the stimulator being carried or worn about the person. 

It will be appreciated from the above that the present invention allows "out patient" treatment 
of a patient at home, with the patient being provided with a personal muscle stimulator which is 
adapted so that it can be readily be carried around by him or her and which can be programmed 

50 by a trained operator from a clinic either by taking the stimulator to the clinic for reprogramming 50 
or by transmitting data to it e.g. over the telephone link. 

The persona! stimulator, whose operation may be controlled by a suitably programmed micro- 
processor, can be arranged to record in a memory the history of use of the stimulator since the 
last updating of the pulse series data so that, for example, this information can be transferred 

55 back to the remote device to give an indication of how much the stimulator has been used so 55 
that the appropriate next set of stimulation data to continue a particular course of treatment can 
be down-loaded. 

The muscle stimulator system controller may also include a muscle stimulator, as well as 
circuitry for enabling data defining a stimulation pulse series to be transferred to a remote 

60 muscle stimulator such as the personal stimulator mentioned above. This allows the system 60 
controller to be used as a stimulator in its own right and to control and manage stimulation 
provided by one or more remote stimulators. Thus one application of this controller which is 
currently contemplated is that a clinician would have the system controller for his or her use in 
treatment and/or research, with the facility being provided to down-load data to individual 

65 personal stimulators carried by patients or research subjects. The system controller may also 65 
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have an interface to enable it to exchange data with a computer database held, for example, on 
a personal computer. Thus the clinician could built up or access a database of stimulation pulse 
data from which appropriate data could be selected for a particular treatment and then down- 
loaded to a suitable personal muscle stimulator. „ c 

5 For this purpose, it is contemplated that the muscle stimulator section of the system controller b 
will provide a reasonably comprehensive set of controls for enabling the pulse characteristics of 
a pulse train to be determined, i.e. pulse repetition rate, interval, length, amplitude and so forth. 
A number of parallel output channels with independent amplitude controls may be provided. 
Preferably the system controller may be used in association with a muscle stimulation control 

10 device which is provided with circuitry which interacts with the circuitry of the system controller 10 
so as to place the functions and controls of the system controller under the control of a 
separate computer, e.g. a personal computer, so that the system controller can be operated by 
the keyboard (or other input device) of this computer. 
Conveniently the system controller may also be fitted with a printer by which the operator can 

15 generate for instance a summary of an individual patients treatment regime, data relating to the 15 
measured electrode impedance. , ^ . _. i.. j 

Preferably the stimulation pulse data is transferred in the form of predetermined binary words, 
e g ASCII characters used to represent particular parameters, and parameters values, of a 
stimulation pulse series. The details of one such coding arrangement will be described belovy 

20 The stimulator may further be provided with a radio receiver, and the system controller with a 20 
radio transmitter, the stimulator outputting the electrical pulses in response to trigger signals 
transmitted from the system controller. Alternatively the stimulator may be provided with a timer 
to generate trigger signals which cause electrical pulses to be supplied to the electrodes. 
The invention will be further described by way of example with reference to the accompanying 

25 drawings in which: — ... ^ * 

Figures 1a, lb and 1c show the individual units of one embodiment of system according to 
the present invention in three different operating configurations; 
Figures 2a, 2b and 2c are views showing a personal stimulator unit in the embodiment of Pig. 

30 ^ Figure 3 is a block diagram of the circuitry in the personal stimulator unit of Fig. 2; 30 
Figure 4 is a block diagram of the system controller unit of Fig. 1; 
Figure 5 is a block diagram of the circuitry of the research unit. 

Figs, la, b and c show the three principal components of a system according to the present 
invention in three different operating configurations. These components are: — 
35 A system control unit 1. This is an 8-chanrtel, programmable muscle stimulator unit with 35 
additional facilities for interfacing the unit with the other unit of the system and also with 
computers such as the personal computer PC shown in Fig. lb; ... 

One or more personal stimulators units 2 which are preferably of a shape size and weight 
enabling them to be personally portable, preferably pocketable. The stimulation pulses produced 
40 by this unit may be changed as desired and conveniently may be so changed by reprogramming 40 
by the system unit 1 as shown in Fig. la. ...... 

A "research" unit 3, shown in Fig. 1c, and so called because it is intended, at least initially to 
facilitate research and development on muscle stimulation and to enable courses of treatment 
involving a regime of stimulation patterns to be evolved. 

45 Referring first to Fig. la, the personal unit 2 is conveniently similar in shape and size to the 4& 
personal cassette players which have recently become available and has associated with it one 
or more pairs of electrodes 2a by means of which the stimulating pulses can be applied to the 
skin overlying the muscle to be stimulated. This pair of electrodes may plug into the stimulator 
for use and be stored in with a carrying pouch for when not in use. 

50 The characteristics of the stimulation pulses, such as their length, interval between them, 50 
modulation into bursts and so forth are controllable by its internal circuitry in accordance with a 
stored programme. This programme may be placed in the unit in any one of a number of ways, 
for example by having a replaceable memory module (such as 2B shown in Fig. 2c) which fits 
into the unit but instead of or in addition to this, the unit preferably has a specially adapted 

55 interface arrangement whereby the desired pulse stimulation pattern{s) can be down-loaded to 55 
the unit from the system controller la. i. . • 

Conveniently the above mentioned down-loading of the stimulation pulse charactenstics is 
achieved by means of a physical and electronic interface which does not involve direct electncal 
connection between the unit 2 and the system controller 1. It will be apparent that any one of a 

60 number of means could be used to achieve this, for example an optical (including infra-red) link, 60 
an ultrasonic link or magnetic induction link, the optical/infra-red link currently being preferred. 
For this purpose, the top, sloping panel of the system controller 4 is provided with a receptacle 
4 in which a unit 2 may be stood. Inside the receptacle is an infra-red transducer which is 
directly aligned with an infra-red transducer 5 on the back surface of the unit 2. Whatever form 

65 the link takes, it is preferred that it allows for data transfers in both directions between the unit 65 
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2 and the controller 1. In addition to the principal intention of down-loading data to the unit 2 
this IS partly to facilitate establishing a communication protocol between them (e g to handle ' 
transmit and break transmit requests and so forth) and partly to enable the unit 2 to transfer 
information back to the system controller 1 for purposes to be described below 
5 The internal circuitry of the unit 2 is shown in block form in Fig. 3. It comprises a microcom- 5 
puter 300 which may be implemented by means of a microprocessor and controls and co- 
ordinate the operation of the other parts of the circuitry. Connected to the microcomputer 300 
via a data bus 310 is a memory 320 in which data can be stored defining the desired 
charactenstics of the stimulating pulses. This memory may be wholly read-only, part read/write 
10 and part read-only or wholly read/write (note that this is referring to memory in which the 10 
stimulating pulse data is stored; such memory is required for operation of the microprocessor if 
such IS used as the microcomputer 300 may be provided separately, if desired and be, for 
example mask programmed). In the present case, where it is intended that the data is down- 
loaded from the system controller 1 to the unit 2, at least part of the memory 320 will require 
15 to be read/wnte memory and preferably, also, non-volatile so that the unit can be used remotely 15 
from the system controller 1, without requiring reprogramming between uses. For this purpose 
the memory 320 may be the nature such that it is inherently non-volatile, such as magnetic 
bubble memory or, for example, a low consumption CMOS memory with battery back-up or 
electrically alterable memory the latter being preferred. 
20 Reading and writing operations to and from the memory 320 are carried out by the microcom- 20 
puter 300 which carries out the function of loading the data into the memory and outputting It 
to a programmable pulse generator 330 which, in response to the data read out from the 
memory 320 generates a train of pulses as defined by the data, this in turn being connected to 
an output interface which drives the electrodes 2a. 
25 It will be seen that the programmable pulse generator is connected to the microcomputer 300 25 
and memory 320 by means of the data bus 310. Also connected to the bus are an LCD display 
340 and a voice synthesizer 350 which drives a loudspeaker 351. 
The programmable pulse generator 330 comprises a pulse generator 331 which converts data 
on ooo^"® 310 to pulse characteristics and delivers the pulses so formed to output drive circuitry 
30 332 which can provide two channels 333a and 333b of output signals for the electrodes 2 30 
Two digital to analog converters 334a and 334b are provided, by means of which the envelope 
of the pulse tram delivered from the pulse generator 331 may be modulated to provide a 
particular envelope waveform at the associated outputs 333. 
There are also provided a manual level control 335 for the outputs to the electrodes and a 
35 load sensing circuit 336 and analog to digital converter 337 which sense the loading on the 35 
electrodes connected to the output 33a and 333b and feed this information back in digital form 
to the microcomputer 300 via the data bus 310. 

The device may thus be arranged to be responsive to changes in the patient's skin resistance 
By this or other means [e.g. separate electrodes applied to the skin] it may also be possible to 
40 feed back infonnation relating to muscle firming so to optimise the manner of pulse generation 40 
vis-a-vis the intended purpose of stimulation. 
Thus the stimulus signal may be altered dynamically depending on the muscle response. 
The microcomputer may be programmed to be responsive from electromyographic signals 
from the patient by means of an electromyographic section 360 comprising a signal processor 
45 361 and pulse conditioning circuit 362. This pulse conditioner 361 may also respond to an 45 
external trigger applied to an input 363. 

The LCD display 340 and the voice synthesizer 350 may be used by suitable programming of 
the microcomputer 300 to output information such as instructions on the use of the stimulator, 
usage data and so forth to the user, programmer or patient. 
50 Data, In particular defining the characteristics of the stimulating pulses which are to be 50 
generated, may be loaded into the memory from the system controller or other remote host via 
a data transfer section 370. This includes the infra-red detector 5 and a demodulator/serial-to- 
parallel converter 371. A complementary arrangement of a modulator 372 and an infra-red 
transmitter 373 are provided so that data, e.g. statistical data relating to stimulation applied via 
55 the electrode 2 may be returned to the system controller or host. Data may also be passed to 55 
and from the system controller or a remote host via the telephone lines e.g. by means of an 
acoustic coupler 374 (this being preferable from the portability point of view to a hard-wired 
modem) with associated modulator 375 and demodulator 376. 
Any suitable modulation scheme e.g. frequency shift keying may be used for both the infra-red 
60 and acoustic links. qq 
Fig. 4 shows in block diagram form the system control unit 1 of the system. It will be seen 
that It IS generally similar to the circuitry of Fig. 3 but with extra and more flexible features. 
Those elements that perform functions equivalent to counterparts in Fig. 3 have counterpart 
reference numerals but with the leading "3" changed to "4". 
65 As in the personal unit, with the system controller has timing control circuitry 400 which, as 65 
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with the personal unit 2, may be a specially-programmed microprocessor, a memory 420 for 
programme and data storage, a programmable stimulation pulse generator 430 and a data 
transfer section 470 exchanging data between the memory 420 and other devices. 

The control unit is also provided with a number of user-operable controls 480, suitably 
provided by keyboard 481 and keyboard interface 482 to programme the microcomputer 400 5 
and to preset the characteristics of the pulse trains to be generated by each channel of the 
programmable generator 430. These characteristics may include the intervals pulses, the lengths 
of the pulses, the mean repetition rate of the pulses, envelope modulation of the pulses into 
bursts. Various other controls may be provided to control the operation of the unit and to 
provide for example, that the characteristics of a particular pulse stimulation pattern, once 10 
established, can be stored in the memory 1 and later be retrieved to set the programmable 
pulse generator 430. This generator, in this example, has 8 parallel output channels, all fed with 
the same pulse train (although the generator may provide for separate pulse trains for each 
channel) and may have an independent level control for each channel. These level controls may 



15 



15 be digitally controllable. 

The microcomputer 400 may be suitably programmed so as to be responsive to user input 
from the keyboard 45 to carry out a number of tasks, including: — 

1 The definition/setting up of the characteristics of stimulating pulse sequences, these charac- 
teristics being stored in the microcomputer memory 420 and, according to the user's require- 
20 ments either used to generate a stimulating pulse train by the pulse generator 430 or to be 20 
transferred via the data transfer section 470 to a remote device such as a remote host or one 
of the personal units 2, to a remote or to a data file in a mass storage unit such as disc dnve 

(not ^^yjj^"^'.^^^ storage/retrieval of data to/from a remote host via the section 470, or to 
25 the personal unit 2 or a data file in a mass storage unit. 25 
3. To instruct the microcomputer 400 to display on display 441 pulse stimulation tram data or 
treatment data, file directories and so forth. ....... . * 

It will be seen that the pulse generator 430 of the system controller is of similar structure to 
the pulse generator 330 of Fig. 3 and is intended to operate in a similar manner. It has a pulse 
30 generator 431 which takes digital data from the data bus 410 and converts this to stimulating 30 
pulses which are distributed to the eight output channels by means of the output driving circuitry 
432. The load sensor 436 is adapted to take information from each of the eight output channels 
rather than the two output channels of Fig. 3. . *u * 

The system controller 1 also includes an EMG responsive section 460 corresponding to that 
35 of Fig. 3 and a voice synthesizer and associated loudspeaker 450 corresponding to that of Fig. 35 
3 

It will be seen that the data transfer section includes a parallel interface 477 for rapid, parallel 
transfer of data to and from e.g. a computer, a mass storage device such as a disc- or tape- 
store, or any other appropriate data logging, storage or processing system. 

40 The stimulation pulse trains which are produced by the personal unit 2 and by the unit 1 (in 40 
the latter case, whether for immediate use using the programmable pulse generator 430 or to be 
down-loaded as data to one of the personal units 2), may be such as to provide both functional 
stimulation, that is stimulation which causes muscle fibres to contract and relax in a predeter- 
mined way or may be the "trophic" stimulation mentioned above, that is stimulation with 

45 pulses whose characteristics are chosen such that they effect a long term staictural or functional 45 
change in the muscle fibres. . ^ , 

In order to treat certain types of muscular disorder, it may be necessary to bnng about long 
term changes in the structure and/or function of the muscle fibre as well as to provide for 
functional stimulation and it is therefore envisaged that a course of treatment may comprise a 

50 mix of trophic stimulation and functional stimulation with more frequent use of trophic stimulation 50 
at the eariy stages of the treatment and or frequent use of functional stimulation towards the 
end. In some cases it may necessary for the start of treatment to consist wholly of trophic 
stimulation at the start. , r i • 

It is envisaged that such a course of treatment comprising data defining sets of pulse senes, 

55 some of which provide functional stimulation, and some of which provide trophic stimulation 55 
may be programmed into the personal unit 2 by the control unit 1 so that the patient may take 
the personal unit away and use it for treatment at home. The data defining the stimulation to be 
applied may be updated from time to time by taking the unH 2 back to the unit 1 and down- 
loading the up-dated information. Preferably, therefore, the personal unit 2 is so programmed as 

60 to store in its memory 420 an indication of the characteristics of the current stimulation 60 
pattern(s) and a record of the number of times that the patient has applied them so that these 
items of information may be transmitted via the data link to the control unit 1 and thereby 
enabled the correct data for the next phase of treatment to be identified and down-loaded to the 

personal unit 2. , . . ^ * u ec 

65 As mentioned above, the control unit 1 has an interface 4 interfacing with a computer such as 65 
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30 

Frequency 
Contraction Time 
Relaxation Time 
Pulse Width 
35 Rise/Fall Time 
Pulse Format 



10 



a persona , desktop or personal computer, preferably of the type which has disc drives or other 
non-volatile storage so that a database of stimulation pulse data can be stored and specific files 
retneved and loaded into the memory 41 of the unit 1 so as to be available for the direct 
generation of pulses by the pulse generator 430 or for down-loading to the personal units 2 
5 The computer to which the control unit 1 is linked, preferably by a industry-standard parallel or 
serial link such as the RS232 (serial) or Centronics interface (parallel) may be programmed to 
accept data files of pulse stimulation data from the control unit 1 and of any other data which 
can be selected by the operator of the unit via the section 380 and which it would be 
convenient to store In a mass storage device and retrieve at a later date, for example patient 

10 data, treatment details and so forth. 

Both the personal unit 2 and the control unit 1 may be provided with a modem for exchanging 
data with one another or with a remote computer data base so as to enable stimulation pulse 
data and other usefu data to be stored and or processed by the remote computer or exchanged 
between the personal unit 2 and the control 1 when it is not possible to bring them physically 

15 together. To assist in achieving this, the personal unit 2 may have a microphone and loud- 15 
speaker arranged so that they can be held against the handset of a standard telephone, in which 
case as with conventional portable modems, these items may be surrounded by soundproofinq 
matenal to shut out extraneous noise and, instead or as well, the personal units 2 and the 
control unit 1 may be provided with an internal modem directly connected to a standard 

20 telephone jack plug. 

It will be apparent from the above that once suitable treatment regimes have been established 
the pulse data and other relevant information relating to these may be transferred direct to the ' 
personal units 2 from a remote or on-site computer without the intervention of the controller 1 

The overall specification of the facilities of the controller 1 is as follows: 

25 Controls 8 independent amplitude slide controls 
1 Rise/Fall time control 
Full numeric keypad and parameter selection 
and display controls. 
Power Rechargeable NiGd Batteries or Power Supply. 



20 



25 



30 



35 



2- 99 pps 
1- 99 sec 
0- 99 sec 
20-400 uSec 
0- 5 sec 

sub pulses or extended 
pulses 

Output Format synchronous or alternate 

Built in Programs 10 user-redefinable (more 

if necessary). aq 
Built in trophic codes 10 re-programmable 

Interfaces 1 . Optical link for personal stimulator 2 
2. Parallel link with research unit 3. 

3- External independent trigger for evaluation of functional stimulation. 45 
-r. . ^' Parallel link with Personal Computer to allow infinite selection of user proqram files 
The following points should be noted: 

(a) As a stand-alone instrument the system controller may be used in Hospitals and Clinics 
with direct therapeutic application. 
50 (b) A successful treatment regime may be easily down-loaded to a personal unit instrument for 50 
continued treatment of patients at home. 

(c) When connected to the research unit 3 the instrument's eight outputs are under full control 
of the unit 3 and its associated computer. 

(d) When connected direct to a computer the instrument may have an infinite number of 

55 patient specific programs or trophic codes down loaded to it or via its optic link to a personal 55 
stimulator 2. 

(e) The optical link could be further expanded to interface with a modem to allow remote 
programming. 

The overall specifications of the personal units 2 are as follows: 

60 2 channel portable microcomputer controlled electronic neuromuscular stimulator 60 
Controls-2 amplitude external 

-1 Rise/Fall time internal 
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Power -Rechargeable NiCd Batteries 



Frequency 
Contraction Time 
Relaxation Time 
Pulse Width 
Rise/Fall Time 
Pulse Format 



2- 99 pps 
1- 99 sec 

0- 99 sec ^ 
20-400 uSec 
0- 5 sec 

sub pulse or extended 
pulse synchronous or 
10 alternate 

All parameters optically programmable on infra-red link with host machine/system controller. 
Failure to program or subsequent accidental program loss will trigger an error detection indicator. 
Option: trophic code and/or functional code replaceable memory cartridges. 

The research unit 3 is adapted to be used in association with the system controller 1 to 15 
provide an 8 channel sophisticated computer driven neuromuscular stimulation controller for 
extensive research application; it may have inter alia RS232 and IEEE 488 interfaces for com- 
munication with the host computer which is to be used to control it, as well as a suitable e.g. 
parallel interface for communicating with the system controller 1 . 

The instrument will be supplied with elaborate software control modules to run on its host 20 
computer and will be controlled by it over standard interfaces. 

The research unit instrument interfaces directly to the controller 1 and captures full control 
over its eight stimulation outputs. 
Each channel is totally independent and may be controlled in frequency pulse width, contrac- 
25 tion time, relaxation time, rise time, fall time and amplitude. Sophisicated envelope waveforms 25 
for the stimulation amplitude may be generated graphically on the host computer. Precision 
timing between stimulation channels may be set-up thus allowing elaborate functional stimulation 
and gait control experiments. _i* i i 

Alternately the research unit may be used to generate and emulate exceedingly complex 
30 trophic code stimulation patterns used in experimental research into the fundamentals of neuro- 30 
physiology. 

Interfaces : RS 232C and IEEE 488 

: Parallel interface to system controller 

35 1. 

Host Computer : Apple lie 



15 



20 



IBM PC 

Ffloo hotwppn the nersonal unit 2 and the controller 1 are as 

40 



Details of one optical interface between the personal unit 2 and the controller 1 are as 
40 follows: — 



Infra-red 950 nM 
1200 baud 

RS 232 format Serial 1 1 bits even parity 

Control Codes — single ASCII character 45 
Parameter Codes — double ASCII character 
command plus maximum of eight characters 
numeric information delimited by carriage 
return. 

Interface operates in half-duplex mode. 

A communication protocol for use by this link and for other data transfers between the units 
may be based on the standard ASCII codes and comprise a series of control codes and 
parameter codes as follows: — 



Mode 
Data Rate 
Data Format 
45 Information Type 



50 
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Control Code 




ASCII 


Hex 






No operation 




NUL 


00 




5 


Send Information 




SOH 


01 


5 




Request Information 


ENQ 


05 




10 


End of Transmission 


EOT 


04 




Sound Bell 




Bel 


07 


10 


15 


PAP&MPT17P 


CODE 


CHANNEL BYTES UNITS 




Frequency 


FQ 


n XXX 


pps 


15 




Contraction 


CT 


n XXX 


sec 




20 


Relaxation 


RL 


n XXX 


sec 


20 




Pulse-Width 


PW 


n xxxx 


us 




25 


Rise-Time 


YT 


X 


sec 




Fall-Time 


2T 


X 


sec 


25 




Treatment Time 


XT 


XXX 


min 




30 


User time elapsed 
since last program 


UT 


XXXXX 


min 


30 


35 


Date 

Output Format 


DT 
AS 


XXXXXX 

A or S 


mth, date, year 


35 


40 


Pulse Format 


np 


E or S 






Serial No. 


NO 


XX 




40 




Trophic Code 


KC 


n kl,k2,xxx 


mS 





45 

CLAIMS 

1. A muscle stimulator system comprising a) at least one muscle stimulator apparatus, for 
the electrical stimulation of muscles by tlie application of electrical pulses to an electrode 
50 arrangement applied to the skin overlying the muscle, b) a system controller having means 
defining stimulating characteristics of electrical signals and means for transferring from the 
system controller to the or each stimulator apparatus data defining the characteristics of the 
SrSer''" stimulator apparatus being adapted to be operable remote from the system 

55 2. A muscle stimulator system according to claim 1 wherein the or each stimulator apparatus 
IS personally portable. *^ 

3. A muscle stimulator system according to claim 1 or 2 wherein the or each stimulator 
apparatus is provided wrth a programmable memory to store the said data 

4. A muscle stimulator system according to claim 1, 2, or 3 wherein the or each stimulator 
ffn^rfV!- '! ""^y ^"'^ subsequently transfer to the system controller data 
representative of the electncal pulses supplied to the electrode arrangement. 

5. A muscle stimulator system according to claim 1, 2, 3 or 4 wherein the said data is 
representative of a series of trophic stimulating pulses. 

6. A muscle stimulator system according to claim 1, 2, 3, 4 or 5 wherein the said data is 
05 representative, or further representative, of a series of functional stimulating pulses 
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30 



35 



40 



45 



20 



7 A muscle stimulator system according to any one of the preceding claims wherein the or 
each stimulator apparatus and electrode arrangement are an integral unit, the unit being adapted 
to be mounted, in use, on the skin overiying the muscle to be stimulated. 

8 A muscle stimulator system according to anyone of claims 1 to 7 wherein the means for 
transferring the said data between the system controller and the or each stimulator apparatus 5 

comprises an infra red link. . . r ^u«^ ^^rv^^rio 

9 A muscle stimulator system according to any one of the preceding claims further compns- 
ing a muscle stimulation control device for use with the system controller so as to allow the 
system controller to be controlled by an external computer. ^. , . u^.«j^ ^n 

10. A muscle stimulator system according to any one of the preceding claims wherein the 10 
system controller further includes a muscle stimulator. ^. , . u i« ♦i,^ 

11 A muscle stimulator system according to any one of the preceding claims wherein the 
communication protocol for uansferring the data from the system controller to the or each 
stimulator apparatus is as follows: 

15 

Control Code ASCII Hex 

No operation NUL 00 

25 Send information SOH 01 25 

Request Information ENQ 05 
End of Transmission EQT 04 
Sound Bell Bel 07 

PARAMETER CODE CHANNEL BYTES UNITS 

Frequency FQ n xxx pps 

50 Contraction CT n xxx sec 



30 



35 



40 



45 



50 



Relaxation RL n xxx sec 

55 

Pulse-Width PW n xxxx uS 
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Rise-Time 



YT 



sec 



Fall-Time 



ZT 



sec 



10 Treatment Time XT 



XXX 



min 



10 



15 



User time elapsed 
since last program UT 



15 



xxxxx 



min 



20 



Date 



DT 



xxxxxx mth , da te , yea r 



20 



25 



Output Format 



AS 



A or S 



25 



Pulse Format 



MP 



E or S 



30 



30 



Serial No. 



NO 



XX 



35 



35 



Trophic Code 



KC 



kl,k2,xxx 



ms 



40 12. A muscle stimulator system having at least one personally portable muscle stimulator 40 
apparatus for the electrical stimulation of muscles by the application of electrical pulses to an 
electrode arrangement applied to the skin overlying the muscle wherein the or each stimulator 
apparatus may be preprogrammed with characteristics of the pulses to be applied to the 
electrode arrangement. 

45 13. A muscle stimulator system according to claim 12 wherein the or each stimulator appara- 45 
tus is provided with a radio receiver and the system further includes a system controller 
provided with a radio transmitter, the or each stimulator apparatus being responsive to radio 
signals from the system controller to output the preprogrammed pulses to the electrode arrange- 
ment. 

50 14. A muscle stimulator system according to claim 12 wherein the or each stimulator appara- 50 
tus includes a timing circuit which controls the output of the preprogrammed electrical pulses to 
the electrode arrangement. 

15. A muscle stimulating system for the electrical stimulation of muscles comprising a stimu- 
lator provided with an electrode which in use is applied to the skin overlying the muscle and 

55 pulse generating means for generating electrical pulses to be supplied to the electrode, and one 55 
or more control modules which are preprogrammed with the characteristics of a train of pulses 
to be applied to a muscle and which, in use, communicate with and control the pulse generating 
means to supply the preprogrammed train of pulses to the electrode. 

16. A muscle stimulator system according to claim 15 further including a system controller to 

60 program the control modules. 60 

17. A muscle stimulator system according to claim 15 or 16 wherein the control module is 
adapted to store a record of the pulses supplied to a muscle and subsequently to communicate 
the record to the system controller. 

18. A muscle stimulator for the electrical stimulation of muscles by application of pulses to 

65 an electrical arrangement applied to the skin overlying the muscle which is programmable with 65 
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one or more predetermined sets of stinnulation pulse series. 

19. A muscle stimulator system controller which includes a muscle stimulator for the electri- 
cal stimulation of muscles by application of pulses to an elecricai arrangement applied to the skin 
overlying the muscle and circuitry for enabling data defining a stimulating pulse series to be 

5 transfered to a remote muscle stimulator, 5 

20. A muscle stimulator system constmcted and arranged to operate substantially as herein- 
before described with reference to and as illustrated in Figs. 1A, 2A, 2B, 2C, 3 and 4. 

21. A muscle stimulator system constructed and arranged to operate substantially as herein- 
before described with reference to and as illustrated in Figs. IB and 4. 

10 22. A muscle stimulator system constructed and arranged to operate substantially as herein- 10 
before described with reference to and as illustrated in Figs. 1C, 4 and 5. 
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